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.DoD Procurement Funds

.Current Cost of Rotorcraft Testing
-Becoming more expensive

-May uncover problemslate in acquisition cycle
.Mission Rehearsal Training

-OFT/WST Expensive

—Far removed from battlefield site
‘Acquisition & Mishap Investigations

-Not integrated with flight testing



EFLLY &

EHEIHEERJNE

/.,/ Pa.St T& E FOCUS' EARTH &

Cost and Cycle Time —

NAWCAD 4.11 BPR POC for T&E

- Jun 99 - Need to reduce T& E costs by 33% & cycle time by 50%

* DR.JACQUESGANSLER - Intothe 21st
Century - A Strategy for Affordability

o JAN 1999 - ...We must further adapt the best world class business
and technical practicesto our needs, ... and reduce cycletimesand
ownership costs while simultaneously improving readiness

« DR PAT SANDERS-ITEA JOURNAL

e JUN/JUL 1998 - The cost of testing can, and should be, reduced
through the use of credible ssimulation
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Current T& E Emphasis

e Interoperability
— The ability of systems to provide services to and
accept services from other systems

— DoD 5000 series requires that all systems must be
designed and tested to ensure interoperability

o System-of-Systems (SoS)

— A system working with a group of other systems
or sub-systems in a seamless environment



& E Complexity Changes

o Wright Flyer — 1903
o Skorsky R-4 Helicopter — 1942

o Skorsky SH-60B LAMPS MK3 - 1983
e Bell Boaing V-22 — 1989

e Lockheed Martin JSF — 2000
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T& E Engineering

* Focus
— Avionics, Design; Engines and Power Trains
— Flight Dynamics; Flight Controls
— Performance; Structures and L oads
— Ship Suitability
o Matrix Organization
— Advantage: Technical Specialties

— Disadvantage: “Rice Bowls’ — Very difficult to
get project approved that benefits everyone
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T& E Options

e Business asusual - Conventional T&E
— Introduction of personal computer in the 1980’s
— Introduction of the WWW in the 1990’s
— Cost & Cycle Time Problems
e Combine Conventional T& E and Virtua
T& E using related technology options

— Develop and validate an analytic capability to
support and enhance conventional T& E
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DoD 5000.2-R Requirements =
(5 Apr 2002)

« Cl.1 Modelingand Simulation

e The PM shall identify and fund required M& S resources
early in the acquisition life cycle, so M& S may be
Integrated with the T& E program

« The PM shall usetest results to revise both the test
program and test procedures

o Test results snall also be used to develop and improve
models and simulations
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SoS T& E Approach

Aircraft/Ship
Design Options

Ship Airwake
Module Test
Options

N

Weapons/Loads
Test Options

Y L
Physics Based
T& E Analytic M odel

Engine/Drive
Train Test
Options

With elastic nonlinear

structures & vortex wake
model options

~ 4 .
Virtual Implr\jlwgdl
Flight Test Engr Models
| e
Warfightin Ip-base
g . T&E

Multi-Media

Automation of
Test Plans/Reports

- VV&A |

3-D Component
Modeling

Deployable
Web Based
Trainers
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Physics-based T& E Analytic Model (Flightlab)
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Analytic Flight Test Support Options

Fle Edit [nitialization Analysis Application Utility Database Simulation Help
]
oy b ;
& } Eeum‘lance d tahility...
| Rotor Loads/Downwash...
Arframe Loads...
| Rotorcraft/Ship Dynamic Interface Testing...
Handling qualities...
| Weapon test..
READY
Input data option: 4  Comy data (] ) - Comj data (linear)
1D Test Type Test Conditions Test Configuration Plot
A3 Hp 0AT WT F3CG BLCG Options
KCAS FT Deg C LB3 Inch Inch
W Damping 0 0 153 16307.7 3a0 1] Results...
W Quickness 0 0 153 16307.7 3a0 1] Results...
i Bandwidth 0 0 15 16307.7 360 a Results...
@ Bank Angle Oscillation 0 0 15 16307.7 380 0 Results...
@ PFitch/Roll Oscillation 0 0 13 16307.7 360 1] Results...
i Lat- Dir Stability 50 0 153 16307.7 3a0 1] Results...
W Yaw-due- Collective ] ] 13 163077 360 1] Results...
W Torque Response ] ] 13 163077 360 1] Results...
@  Tum Coordination a0 ] 13 163077 360 1] Results...
ﬂl Close help... |

ID  Test Type Test Conditions Test Configuration FC5  Others Flot Iy
a3 Hp 0AT  Hr WT  FSCG  BICG  Stats Options
KCAS T DegC RPM  LBS  Inch  nch 1@
N Hover [0 [ o [ w5 [ e [ teed| w0 [ 0 [ 1 mputs.| Resuls.. |
N Gilicalfinuth | 20 | 0 R 6289 | 30 | 0 [ 1 mputs..| Resuls.. |
B Low Speed T | 0 15 | 2576 | 16289 [ 30 | 0 [ 1  inputs..| Resus.. |
H Level Right [an | o 15 | 2578 | 16268 | a0 | 0 | 1 inputs.. | Resulls... |
N Cimb [ [ o [ 15 [ 2576 | 16283 | 360 | 0 | 1  puts..| Results.. |
¥ Autorotation [@ [ o 15 | 2576 | 16269 | 30 | 0 [ 1  imputs..| Resuls.. |
B Coorinated Tum B 0 15 | 257 | 16269 | 360 | 0 | 1 Inputs..| Resulls..
W Lng Stat Stanity | 60 | 0 15 | e57E | tezes | g0 | 0 | 1 Inputs...| Results... |
W latDrStatStay | B0 | 0 [ 15 [ 2578 [ 16289 | 30 | 0 [ 1  mputs.| Resuls.. |
B ManewveringStsh | 60 | 0 15 | 2578 | 16269 | 60 [ 0 | 1  inputs..| Besuls.. ||
4 = \
Run  Reset | Stop.. | Limits.. | RecoverResuits | Cose | Help... |

Analysis option: - .

.

THin... N

Azimuthftime varation data

Azimuthftime and spanwise vanation data

[Rotor hub force (Fx) [lbs]

Rotor hub force (Fy) [Ibs]

Rotor hub force (Fz) [Ihs]

Rotor hub moment (Mz) [ft-Ibs]
Rotor hub moment (My) [ft-Ibs]
Rotor hub moment (Mz) [ft-1bs]
Tip-plane-path (coning) [deg]
Tip-plane-path (lat tilt) [deg]
Tip-plane-path (Ing tilt) [deg]

Airloads (drag) Ibsfrt]
[Aitoads (lift) hsit]
[Aivoads (pitch moment) [Ihs]
Angle of attack [degq]

coefficients {cd) [nd]
Airoad lift coefficients (cl) [nd]
(Airload pitch moment coeff {cm) [nd]

Blade cross section loads (Fx) [ibs]
Blade cross section loads (Fy) [Ibs]
|| Blade cross section loads (Fz) [Ibs]

=

&  Azimuth

|'\..

| ¢  Azimuth... |

Run | Save... | Close | Plot |

help...




Robust Design Simulation

Modeling & Simulation Environment
/ Subj ect to \ Multi-Attribute

N

Dr.Dimitri N.Mavris
Georgialngtitute of Technology
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Design & Environmental Decision Making
Technology Constraints v v
Infusion
Objectives:
Physics- _ * Criterion 1
MESZﬁC:I Synthesis & | Simulation [ Operational | I_Eic;g]gngl(; (e.g_. CO'St)
g Sizing Environment Y§ » Criterion 2
Analysis (e.g. Performance)
Activity and * Criterion 3
Process- ...
Based
Modeling Economic & | mpact of New @
Discipline Technologies-
Uncertainties Performance & customer
Schedule Risk

/ Satisfaction

Afﬂl
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Weapons & Loads Testing

e \Weapons
— Guns
— Missiles & Rockets
— Bombs
e Loads
— Steady
— Vibratory
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AEDC Engine Modeling

® The Aerodynamic Turbine Engine Code T
solves the 1-D Euler Equations with "
. Fl
Turbomachinery Source Terms across IOW
elemental control volumes:
U F || LI~
—11_“: + —11-_[[ — Compressor - compustor Turbine
X
where: dx J_, A+ 1:]_/* dx
X
éAr u é rAu u é 'We,X L:J A — W + IW gy
u=bald  F=%az+apd =% F 0 fx
_é ul:l é( )';I %} S/VX H u \Iév FXdX —>Ps+ﬂP$dX
QAEQ @AE+APH + x ™ MexH S —— 1x
Uy — X:i _\—> V] +11.[1_de
H erL H + 1H dx
1 x
W dx SWdx + Qdx

® Variable time-stepping routine using both
explicit and implicit numerical solvers
ensures efficient transient ssmulation with Discretization of system

high fidelity dynamic simulation into elemental control volumes
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Flight Test Automation e

TEMP
Automation

Test Team Work Area
M icrosoft Office® and
| nter face

Pr oj ect Test Plan DataAnalysis Proj ect
M anagement Development and Presentation Reporting

A 4 A 4 A 4

Flight Test Lessons Flight Test High Fiddlity
| ear ned Databases Support Softwar e Physics-Based Simulation
Operational Test

Automation
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. Required: Sanity check of model structure

. Verification - Was model programmed
and/or implemented correctly?

. Validation - How close does model compare
with real world data?

. Accreditation - Process of approving model
for specific applications
. Built-in V&V options
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3-D Component Modeling A

Flight Test Engineers work in a 3-D world
Rotorcraft fly in 3-D world
Model development & analysisin 2-D




Dynamic I nterface (DI) Rotor craft/Ship
Operational Challenges

Shipboard Rotorcraft Operation Environment
 High & Turbulent Winds
 Possible Low Visibility Condition
« Moving & Confined Landing Platform
 Unusual Airwake Over the Deck of Ship




Test:

Run

Flight Profile

Quasi-— Steady

Stationkeeping ...

Approach ...

Descent ...

Lift off ...

Departure ..

Save...

TrHm

GUI for DI Flight Profiles

Close

Test Conditions/MConfigurations

Atmosphere Model

0: Standard Day

Rotorcraft Position 0: Landing Spot

Ambient Pressure Altitude [Tt

Outside Aambient Temperature [degCl

Rotor RHotational Speed [rpm]

Rotorcraft C.G. (Buttline Station]) [inch]
Rotorcrart C.G. (Fuselage Station) [inch]
Rotorcraft C.G. (%.¥.2) in |- frame [ft]

Rotorcraft FCS onfoff Status [hd]
Rotorcraft Gross Weight [IbhT]

Rotorcrart Wheel Height above Deck [Fi]

Ship C.G. (®.¥,z) in |- Frame [ft]
Ship Course from Morth [deg]
Ship Forvrard Speed [knots]
Ship Landing Spot 1D [nd]

Ship Pitch Attitude [deq]

Ship Roll Attitude [deqg]

Ship Turbulence Intensity Factor [nd]

Wind Arimuth from Morth [deg)

Wind Magnitude {(horzontal} [knots]
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Test Case ID
Case Descrption

Sweep Option 0: Ship Speed —-|

Min Max  Delta
ship Forvrard Speed (knots) (10 3010 0: Uniform _| Trim to limit
Min Max Delta
ship Course from Morth {deq) -20:z0 20 0: Uniform
Min Max  Delta
Ambient YWind Speed (knots) |III 3010 0: Uniform _| Trinn to limit
Min Max  Delta
Ambient Wind Azimuth {deq) |—3III 3010 0: Uniform
Min Max Delta
Wind Over Deck Speed (knots) |1 03010 0: Uniform _| Trim to limit
Min Max  Delta
Wind Over Deck Azimuth (deq) |1 B0 240 20 0: Uniform
Min Max Delta

M Rotorcrafdt Heading (deg) |0 60 30

ok | Apply | Results .. | Standard Plot

Comparison Plot ...

0: Uniforn  —~

Close

MEMO: Fri Jul 20 12:33:12 POT 2001

Help...
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Summary

e Conventional T&E methodologies applied to
early aircraft were not designed to share

Information

* The complexity of modern aircraft combined with
limited budgets dictates interoperability and SoS

approaches to

&E

e An integrated systems approach to T& E could be
used to not only help reduce the cost and cycle
time of testing, but would also support the issues
of interoperability and systems of systems testing



